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Hydroxylapatite composites with lanthanum phosphate were 
prepared with pressureless air sintering for 2 hours at different 
temperatures between 500oC and 1300oC. The interaction 
between the phases was monitored with XRD analysis. At 
sintering temperatures higher than 700ºC, hydroxylapatite and 
lanthanum phosphate phase reacted and formed Ca8 La2 
(PO4)6O2 as byproduct. In the mean time, hydroxylapatite 
decomposed and formed tricalcium phosphate.  
NOMENCLATURE 
Hydroxylapatite, lanthanum phosphate, composites, 
biomaterials, bioceramics, implants. 
INTRODUCTION 
Synthetic hydroxylapatite (HA), a kind of calcium phosphate 
type ceramic material, has a chemical composition very close to 
that of the inorganic component of bone [1]. Therefore, it is 
widely used in many biomedical applications. However, HA is 
very brittle like most of other ceramic materials [2,3] and has 
very restricted ability to be machined to appropriate shapes and 
sizes in the manufacturing stage.  
With the properties of high stability at high temperature both 
reducing and oxidizing environment and chemical 
compatibility with most of the oxide materials, Lanthanum 
phosphates (LaPO4) is an effective ceramic interface material. 
The LaPO4 interface with oxides, such as ZrO2 and Al2O3, is 
weak enough to prevent crack growth interfacial debonding and 
crack deflection in ceramic matrix composites. Therefore the 
composites of LaPO4 with these oxides are machinable ceramic 
materials [4-6].  
The aim of this study is to characterize HA/LaPO4 composites 
for their suitability for machining. For this purpose pure HA, 
and LaPO4 were separately precipitated. Then, composites of 
HA with LaPO4 were prepared with powder mixing method.  
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Pure HA and pure LaPO4 were synthesized by precipitation 
methods [1]. For the HA synthesis, Ca(NO3)2•4H2O and 
(NH4)2HPO4 were dissolved in distilled water separately. The 
Ca/P ratio should be 1.67 and 1.5 when these solutions are 
mixed to produce stoichiometric HA and TCP, respectively. 
NH4OH was added to both of these solutions to bring the pH 
level to 11-12. Then calcium nitrate solution was added drop 
wise into the continuously stirred ammonium phosphate 
solution. The vigorous stirring produced a milky-gelatinous 
solution. After stirring the HA solution at room temperature for 
2-3 hours, it was heated to 90ºC for 1 hour during stirring. Then 
the solution was stirred for one day at room temperature. In the 
next step, the solution was washed repeatedly to remove the 
remaining ammonia and then filtered using 0.2 µm filter paper. 
The filtered wet cake was dried in the oven at 90ºC overnight to 
remove the excess water.  
For the LaPO4 synthesis, La(NO3)3•6H2O and (NH4)2HPO4 
were dissolved in distilled water separately. The amount of 
solutions was carefully measured during mixing so that La/P 
ratio was 1 to produce stoichiometric LaPO4. All the other steps 
were the same as the HA synthesis.  
Then the dried cakes of HA and LaPO4 were first crushed with 
a mortar and pestle to a particle size below 3 mm and then 
further ground to below 200-mesh size. 
For the HA/LaPO4 composites, HA powder was mixed with the 
powders of LaPO4 in two different weight ratios (HALP-30: 
70wt.% HA + 30wt.%  LaPO4, HALP-50: 50wt.% HA + 
50wt.%  LaPO4). For homogeneous mixing, they were further 
blended with ball milling in an ethyl alcohol medium. The 
milled powder was then quickly filtered through a 0.2 µm 
Millipore filter to prevent segregation due to density 
differences between the 2 components. The filtered cakes were 
kept at 200oC overnight to remove the rest of the ethyl alcohol.  Copyright ©2006 by ASME 
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DownThen the cakes were crushed and further mixed in a mortar and 
pestle.  
The resulting pure or composite powders were cold pressed into 
pellets at a pressure of 200MPa with a cylindrical cold press 
die. Subsequently, pellets were pressureless sintered at 500, 
700, 900, 1100, and 1300oC for 1 hour in air. Homogenous 
mixing of the two components usefully carried out as can be 
seen in SEM dark field image of the HALP-50 in Fig. 1. 
XRD analyses were performed with a Miniflex, Rigaku Denki 
co. Ltd. with Ni filtered Cu Kα radiation. SEM photographs 
were taken with Philips/FEI XL30FEG SEM Electron 
Microscope system. 
RESULTS AND DISCUSSION 
XRD patterns of HAs sintered in air for 1 hour at the 
temperatures of 900, 1000, 1100, 1200, and 1300oC are given 
in Fig. 2. There was no significant decomposition of HA 
observed in the sintered samples.  As precipitated phase 
matches to the peaks of Calcium phosphate hydrate, Ca3(PO4)2 
X H2O. This phase starts to crystallize and transform to HA 
between 700 and 900oC.  When HA was sintered at 1300oC, 
slight decomposition to tcp occurred, Fig. 2.  
XRD patterns of LaPO4 sintered in air for 1 hour at the 
temperatures of 900, 1000, 1100, 1200, and 1300oC are 
presented in Fig. 3. As precipitated has very small grain size 
with relatively amorphous structure. Crystallization in the 
structure completed and all the XRD peaks became apparent 
when the samples were sintered at 1100oC. Sintering at 1300oC 
revealed a well crystallized structure indicated with isolated 
and sharp XRD peaks in Fig. 3.  
XRD patterns of HALP-30 and HALP-50 composites are given 
in Fig. 4 and Fig. 7. Decomposition of HA was observed much 
below its intrinsic thermal decomposition temperature, 1300oC. 
This decomposition seemed to be due to the reaction between 
HA and LaPO4 took place between 700 and 900
oC. The 
byproduct of this reaction was Ca8La2(PO4)6O2. It seems that 
while Ca needed for the this reaction was being supplied by 
HA,  it underwent to a decomposition forming tcp, Ca3(PO4)2. 
In HALP-30, this reaction continued until all LaPO4 was 
consumed. This can be seen more clearly in the detailed phase 
analysis in XRD pattern shown in Fig. 5 and Fig. 6. 
On the other hand in HALP-50, reaction continued until all the 
HA was consumed. The detailed phase analysis of XRD pattern 
for HALP-50 composite is shown in Fig. 7. 
As may be proposed that the overall transformation may obey 
the following equation: 
Ca10(PO4)6(OH)2 + 2 LaPO4   
Ca8 La2 (PO4)6O2 + 2/3 Ca3(PO4)2 + 1/3 (P2O5) + H2O 
No peaks were detected in xrd for P2O5 or other phosphate 
phases. Since P2O5 is a glass forming agent if it reacted with 
some other species forming a phase, this could be in an 
amorphous state. 
LaPO4 is not stable in Hydroxylapatite-LaPO4 composites and 
causes chemical reaction and decomposition of HA. So this 
composite is not machinable like in weak interface composites 
of LaPO4 with ZrO2 or Al2O3. The byproduct of this reaction is 
Ca8La2(PO4)6O2. No literature has been found about the 
properties, biocompatibility, practical importance and general  
loaded From: https://proceedings.asmedigitalcollection.asme.org on 06/29/2019 Terms ousage of this ceramic compound. Also no literature has been 
found about the biocompatibility of LaPO4. More research is 
needed to understant the biocompability and properties of this 
composite system. 
CONCLUSION 
Hydroxylapatite and lanthanum phosphate were successfully 
synthesized with precipitation method. As monolithic form, 
either hydroxylapatite or lanthanum phosphate was thermally 
stable up to sintering temperatures of 1300oC. However, 
Hydroxylapatite / lanthanum phosphate composites did not 
have phase stability since two phase reacted and form 
Ca8La2(PO4)6O2 above 700
oC. As HA decomposed with loosing 
Ca to this compound, β-tcp became apparent. So lanthanum 
phosphate does not form weak interphase in the hydroxylapatite 
/ lanthanum phosphate composites to make possible for easy 
machinability when sintered in air. 
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Figure 1 SEM dark field image of the HALP-50 
composite sintered at 1100oC. 
 
 
Figure 2 XRD patterns of HA samples: (a) as 
precipitated; sintered in air for 2 hours at: 
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Figure 3 XRD patterns of LaPO4 samples: (a) as 
precipitated; sintered in air for 2 hours at: 




Figure 4 XRD patterns of HLP-30 composites: (a) 
as mixed; sintered in air for 2 hours at: b) 
500oC, c) 700oC, d) 900oC, e) 1100oC, f) 
1300oC. 
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Figure 5 XRD patterns of HALP-30 composite 
sintered at 1300oC, (cl: Ca8La2(PO4)6O2, 












Figure 6 XRD patterns of HALP-30 composite 
sintered for 2 hrs in air at 1300oC. Top; 
smoothed measured curve, bottom; 
decomposition of the main peak, (clp: 
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igure7 XRD patterns of HALP-50 composites: (a) 
as mixed; sintered in air for 2 hours at: b) 
500oC, c) 700oC, d) 900oC, e) 1100oC, f) 
1300oC. 
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